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Introduction
Congenital diaphragmatic hernia (CDH) is a malformation of the diaphragm due to a defect in the development of the pleuroperitoneal membranes, which creates an opening in the dorsolateral region that occurs on the left side in 85% of the time 1 . CDH occurs approximately in 1 in every 3000 live births 2 , totaling about 8% of major congenital anomalies, with mortality rates ranging from 62% to 79% 3 . This high mortality is mainly attributed to pulmonary hypoplasia and hypertension, especially due to the biochemical and structural immaturity that occurs secondary to intrathoracic occupation by abdominal viscera 4 .
The diaphragm muscle is embryologically derived from the septum transversum, the pleural peritoneal membranes (PPM) and the inner portion of the abdominal wall. The PPMs fuse with the dorsal mesentery of the esophagus and the septum transversum. After that, they complete segmentation of the thoracic and abdominal cavities. The evidences indicate that the PPMs are the largest, if not the only structure responsible for the development of the diaphragm muscles 5 .
As soon as the primary structure of muscle diaphragm is completely formed, it occurs the migration of muscle precursor cells. These cells originate from the embryo somites, proliferate and differentiate into myocytes mainly due to expression of alphaactin and myosin heavy chains, which together, form cross-bridges and rise the muscle contractility 6 .
The first toxicological model of CDH emerged from the observation that retinol deficient mice embryos develop CDH 7 .
Among teratogens that are capable of inducing the defect, the most extensively studied and characterized model is the one utilizing the herbicide nitrofen (2,4-dichloro-4'nitrodiphenyl ether), that can cause left side CDH in 42% of the rat litter 8 .
Nitrofen acts during the development of the diaphragm, and although the biochemical mechanism of this drug isn't well understood it can be partially explained by disruption of the retinoic acid pathway. On the other hand, the primary mechanism of its teratogenesis at the PPMs of mouse embryos is caused by decreasing proliferation of mesenchymal cells in the developing diaphragm 9 .
In order to contribute to the understanding of the development of the diaphragm and CDH we evaluated the progression of the dimensions of the defect and the expression of myosin during late gestation in experimental CDH. 
Methods

Experimental groups
Pregnant rats were divided into three experimental groups and its fetuses into four groups, each group with 12 fetuses per gestational age: 
Samples collection
On GD 18.5, 19.5, 20.5 and 21.5, the rats were anesthetized and submitted to laparotomy. The fetuses were extracted from the uterus, weighted (Body weight -BW) and then sacrificed by decapitation.
Photographic documentation of the diaphragm
After disection of the abdominal wall with removal of the viscera in six fetuses per group for each GD, we used a digital camera (Nikon Coolpix p500) with a tripod setting the focal length of 50 cm, with the plane of the lens parallel to the transverse plane of the fetus, allowing the photograph of the diaphragm area (DA).
We used a square of 100 mm 2 as a standard measure on the left side of the diaphragm during the photograph. In fetuses with CDH the hernia area (HA) was measured to further verify the hernia to total diaphragm area ratio (HA/DA). Then, the areas obtained were converted from pixel units to mm using Image Pro Plus 4.5.1.22
(Media Cybernetics) software.
Specimen processing and histological analysis
Six fetuses from each group were decapitated and fixed in 10% formalin. After histological processing axial sections of 5 µm were obtained. For basic histological analysis, the diaphragms were stained with hematoxylin and eosin (H/E) and for immunohistochemistry analysis the slides were not stained.
Immunohistochemistry
Three slides per fetus were treated with sodium borate 
Statistical analysis
Morphometrical data was described as means ± standard deviation (SD) and compared by ANOVA with Tukey's posttest using GraphPad Prism 3.02. A p value <0.05 difference was considered significant..
Results
Body weight
In all groups there was a progressive increase of BW with increasing gestational age. However, we noted that the fetuses of N-and N+ groups had a decreased body weight compared to EC and OO groups (p<0.001) ( Table 1 and Figure1) . 
Diaphragm area (DA)
There was a progressive increase of DA in all groups, but it was attenuated in fetuses that received nitrofen in comparison to EC and OO fetuses. DA was statistically lower in fetuses exposed to nitrofen with or without CDH than in control and placebo groups (p<0.001) ( Table 2 and Figure 1 ). 
Diaphragmatic hernia area
On N+ group, the hernia area increased progressively with the progress of gestation with difference in HA on day 18.5 compared with day 21.5 (p<0.05). However, there was no statistical change in the ratio HA/DA (p> 0.05) ( Table 3 and Figures 1-2 Histology showed no difference between groups ( Figure   3 ), but immunohistochemistry showed that on groups exposed to nitrofen, the intensity for myosin staining was weaker (Figure 4) . 
Discussion
The CDH model induced by nitrofen in fetal rats has been widely used to investigate the pathogenesis of diaphragmatic defect and other associated malformations similarly to humans 8, 10 .
In our study fetuses exposed to nitrofen with and without In spite of the fact that formation of diaphragm muscle fibers in fetal rats is terminated by 22 days of gestation 10 , the histological analysis showed no difference in arrangement of diaphragmatic muscle fibers on any of the ages and groups, even in fetuses exposed to nitrofen.
The diaphragm, as a striated muscle, is characterized by sarcomeres containing actin and myosin. In humans, it contains four myosin isoforms of heavy chains and six of light chains 14 .
The antibody used on immunohistochemistry recognizes myosin, specifically fast-twitch molecules (type II) of myosin's heavy chain.
Our results showed a decrease on labeling of myosin's fast fibers in the diaphragms exposed to nitrofen. In normal fetuses the diaphragm is different from other skeletal muscles by having an early transition of myosin's slow fibers to fast fibers, an essential phenomenon for the diaphragm to perform efficient and fast contractions and with a high threshold for fatigue at birth 15 .
There are no reports in the literature on the proportion of fast myosin fibers in CDH, though a late transition could worsen the respiratory failure observed in these neonates due to fatigue of slow fibers compared to the fast ones. This would have particular relevance in the first minutes of life of newborns and at the time of ventilatory support withdrawal 15 . In a pathological situation, several factors can influence the composition of the diaphragm and the result, in terms of adaptation, of the slow and fast fibers is difficult to predict 14 .
The decreased expression of myosin on the diaphragm in fetuses exposed to nitrofen may reflect the direct action of the herbicide in the development of the muscle or be an indirect expression of decreased migration of myocytes to form the muscular diaphragm.
Despite of progress in prenatal diagnosis and in understanding on the development of normal diaphragm, the CDH is poorly studied with regard to embryology and biochemistry of the diaphragm. Thus, a more detailed study might clarify molecular and genetic mechanisms underlying the defect of the diaphragm in CDH 10, 11 .
Conclusions
Hernia area remains constant in the three intermediate stages of lung development with less immunostaining of myosin on the diaphragm exposed to the drug. These results motivate an investigation of the mechanism of action of myosin on the earliest stage (embryonic) of the development of diaphragm and its implications in the pathogenesis of the disease.
